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Abstract 
Rural electrification is an integral component of poverty alleviation and rural development of a nation. In 
Bangladesh, photovoltaic (PV) technology in the form of solar home systems (SHS) has been widely applied for rural 
electrification purposes. This paper focuses on the prospects, constraints and solutions of photovoltaic (PV) market 
growth in Bangladesh. Bangladesh is known to possess a good potential for renewable energy, particularly solar 
energy that is abundant and can fruitfully be harnessed. Several private entrepreneurs, Infrastructure Development 
Company Limited (IDCOL), some government agencies and a number of non-governmental organisations (NGOs) 
are working to install solar PV in rural Bangladesh to meet basic energy needs. The application of PV technology for 
rural electrification is indirectly increasing the income as well as the living standard of the rural poor. The paper will 
be organised in total seven sections. Section 1 and section 2 present the location and current status of Bangladesh, 
resource potential, objectives and market development. This is followed by analysis of solar PV in Bangladesh, 
including technical design, common PV use, IDCOL SHS program in Section 3. Section 4 identifies case studies and 
success stories of Bangladesh improving quality of life for project beneficiaries. Sections 5 and 6 include financing 
structure and SHS product features and prices. Section 7 is the important topic, where it is illustrated reducing 
subsidy is necessary and future plans on reducing subsidies, whereas Section 8 depicts the implementation challenges 
of  solar PV. Finally, key conclusions are drawn in Section 9. The purpose of the paper is to present the case study of 
Bangladesh where Solar Home Systems installations has experienced explosive growth and created a $200 million 
PV market. The case of Bangladesh could be replicated and launched in other parts of Asia to bolster the PV market. 
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1. Introduction and study review 
Bangladesh is an agricultural country in South Asia with 163 million people, where sustainable 
development, energy crisis and food security is of great concern. Nearly 75% of the population lives in 
rural areas and only about 30% of the rural households have access to grid electricity. Alternative solution 
is to introduce solar home systems for the rural households in off-grid areas and to introduce solar grid 
hybrid system for the rural grid areas. Financial initiatives as a result of policy push have major role to 
play in developing the market in Bangladesh. The basic applied forms of solar PV in rural Bangladesh are 
solar home system (SHS) and micro utility (electrification of rural markets). Feedback from the users of 
these system syndicates that solar energy-based electricity has been providing very satisfactory service to 
consumers. IDCOL, a government-owned agency equipped to develop private sector deploying private-
public partnership model, was selected as the implementation and monitoring agency of the solar energy 
fastest growing renewable 
energy programs in the world. It has brought in positive changes in the livelihood of people in remote 
rural areas of Bangladesh by providing access to electricity. The Chairman of the Senate Foreign Relation 
Committee of the United States, John Kerry in his speech at the World Bank Head office on 19 November 
2009 mentioned IDCOL SHS project as a good example of literally life-altering project of the World 
Bank. IDCOL promotes dissemination of solar home system (SHS) in the remote rural areas of 
Bangladesh through its Solar Energy Program with the financial support from the World Bank, Global 
Environment Facility (GEF), KfW (German Development Bank), GIZ (German Technical Corporation), 
Asian Development Bank, USAID and Islamic Development Bank. IDCOL started the program in 
January 2003 and its initial target was to finance 50,000 SHSs by the end of June 2008. The target was 
achieved in September 2005, 3 years ahead of schedule and US $ 2.0 million below estimated project 
cost. IDCOL then revised its target to install 1 million systems by 2012. This was also achieved ahead of 
August 2012, more than 1.6 million SHSs have already been installed under the program. IDCOL 
implements through 30 partner organisations (POs) and solar PV growth market improves quality of life 
through access to electricity, which provides access to electricity to 200,000 people per month while 
adding 2.0 MW to national power generation by installing 50,000 systems, creates additional income, 
generates activities in the rural areas, promotes local entrepreneurs, creates jobs in rural areas for both 
skilled and unskilled people, promotes domestic industries, and reduces carbon. 
 
Solar energy has experienced phenomenal growth in recent years due to both technological 
improvements resulting in cost reductions and organisational policies supportive of renewable energy 
development and utilisation. The policies initiatives for flexible and easy flow of cash have a major role 
to play in the proliferation of PV technology into the market, especially when the market development is 
in the nascent stage and is dominated by the rural population. We propose to analyse the technical, 
economic and policy aspects of solar energy development and deployment. Despite the huge technical 
potential, development and large-scale, market-driven deployment of solar energy technologies world-
wide still has to overcome a number of technical and financial barriers. Unless these barriers are 
overcome, maintaining and increasing electricity supplies from solar energy will require continuation of 
potentially costly policy support. Considering the funding needs, IDA Board has approved a second 
additional financing of US$172 million for supporting another 630,000 systems, which is expected to be 
met by the project closing in December 2012. The Bank continues to remain committed to support the 
government in its efforts to address the challenges in the rural electrification sector of Bangladesh 
(Sadeque, Zubair K.M; World Bank, 2012) [1]. 
 
 of the government owned 
organisation, partner organisations, private sectors driven solar PV program, reaching at root level village 
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developments as well as of the general energy sector in Bangladesh. Starting over a decade ago, this gap 
in rural electrification requirements has been met through a demand-led process, driven essentially by 
entrepreneurs, government and non-governmental organisations. The Solar Home System (SHS) 
dissemination program in Bangladesh is considered to be one of the most successful of its kind in the 
world, bringing power to rural areas where grid electricity supply is neither available nor expected in the 
medium term [2]. 
1.1.  Objective of the study 
The objective of this paper is to observe the various organisational approaches and identify best 
practices in rural electrification using PV from an institutional, technical, marketing and financing point 
of view. As such, it is now timely to examine the various approaches and to try to develop and present 
some coherent, consistent and rational policies that will enable a mix of approaches that lead to a holistic 
framework and/or model for rural electrification. The purposes of this study are: 
 To bring out the advantages and impacts of strategies on PV technology through various successful 
stories that involves in rural development.  
 To understand what are the various financing mechanisms developed for creating market and existing 
PV deployment in the rural regions of Bangladesh 
 To learn about the available financial incentives and schemes for its operation 
 To understand the barriers in market development and reducing the subsidies. 
 
2. Bangladesh 
 
2.1. Location 
  
Bangladesh is a country in south Asia, which lies between latitudes  20° and 27°N, and 
longitudes 88° and 93°E and the climate is tropical, the very location makes Bangladesh good recipient of 
solar energy. Maximum amount of radiation is available on the month of March-April and minimum on 
December-January [3].  
 
Fig. 1. (a) Average solar radiation showing land area; (b) Solar radiation and area of Bangladesh with highest potential for solar 
energy utilisation. 
(a) (b) 
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2.2. Current scenario 
Bangladesh has population of 163 million (or 29 million households) and a low electrification rate of 
41% with 17 million households being off-grid. Of the off-grid population, a vast majority (89% or 15 
million households) is concentrated in rural Bangladesh where the electrification rate dips to 28% (Fig. 
2). A large segment of the on-grid population is also under-electrified, facing significant daily power 
outages [4]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Rural-urban Distribution of Off-grid households in Bangladesh. Source: International Finance Corporation (IFC) on 
February, 2012 
 
Solar PV dissemination was first started in 1998 by Rural Electrification Board (REB), Local 
Government Engineering Department (LGED), and then Infrastructure Development Company Limited 
(IDCOL) entered into the market in 2003 (Fig. 3). Power generation from renewable energy in 
Bangladesh was only 20 MW three years back as against 70MW of electricity now being produced from 
SHSs alone. About 98% of the present total SHSs in the country was contributed by IDCOL. Since 
IDCOL entered into the program, the number of SHS were 11,745 in the year 2003, now the total is 
1,655,832 in 2012. 
 
 
 
 
 
   
 
 
 
Fig. 3. A snapshot of PV dissemination in Bangladesh. (Source: REIN, Bangladesh) 
 
1. Rural Electrification 
Board (REB)                    
Started from 1993              
Number of Installation: 
Solar electricity 
provided to 4220 rural 
houses by June 2007. 
2.  Local Government 
Engineering Department 
(LGED)                      
Started from 1998 to 2006       
Number of Installation: 
4500 direct and about 
50,000 indirect 
beneficiaries.  
3. Infrastructure 
Development Company 
Limited (IDCOL)              
From 2003 until present                 
Partner Organisation: 30                
Number of Installation: A total 
of 1,655,832 (Aug 2012). 
4. Grameen Shakti (GS)    
From 1996 until present      
Collaboration: Partner 
Organisation of IDCOL      
Number of Installation: 
5, 18,210. 
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3. Analysis of solar PV program in Bangladesh 
 
3.1. Technical design and sizing 
 
Komatsu et al. [5] observes that household income and kerosene consumption to be the essential 
factors behind the selection of particular SHS size by households in Bangladesh. Most SHS disseminated 
in the region are in the capacity range of 37-75 Wp, the most common being 50 Wp systems. The solar PV 
program appears to have better success rate (in terms of system functionality) in Bangladesh, where 
quality standards have been ensured for PV panels, batteries and other components as approved by the 
technical standards committees. 
3.2. Common PV use in Bangladesh 
 The commonly used solar PV in rural areas are: 
 Solar home systems (SHSs) 
 Solar lanterns 
 Street lighting systems 
 Solar PV water pumping system  
 Solar mini grids etc. 
 
 A typical SHS model: Solar panel, battery, charge controller, CFL (Compact Fluorescent Light) etc. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3. Comparative a  
Infrastructure Development Company Limited (IDCOL) is a government-owned financial institution 
mandate to promote private sector financing in infrastructure and RE sector. The objective of the SHS 
program is to fulfil the basic electricity requirements in the rural areas of Bangladesh as well as 
supplement the g  
 
Fig. 4.  A Typical Solar Home System (SHS) 
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Starting in 2003, over 1,655,832 Solar Home System (SHS) have been installed all over Bangladesh by 
August 2012. IDCOL has a target of financing 4 million SHS in off-grid rural areas of the country, with
an estimated generation of 200 MW of electricity by 2015.
SHS program overview
1. A total of 30 Partner Organizations (PO) of 
IDCOL install solar home systems at
consumer households levels
2. PO makes electronic disbursement request 
to IDCOL for refinance and grants, as
applicable
3. IDCOL conducts physical verification of 
the  installed SHSs and Technical Standards
Committee (TSC) sets forth technical 
standard for the SHS equipment and
approve solar equipment 
4. IDCOL claims the funds used for financing
from the World Bank, ADB, or IDB, and
the grant from GPOBA, KfW and GIZ.
Fig. 5. The output based SHS Scheme [6].  Source: Zubair K.M Sadeque, World Bank, April 2012; and IDCOL presentation,
DIREC 2010; Intellecap Estimation and Analysis.
Fig. 6. (Top) SHS installations from 2003 2012, IDCOL; (Bottom) Cumulative number of targeted SHS installations till
2014 [4].
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3.4. IDCOL performance: At a glance 
The number of Partner Organisations (POs) has risen from 5 to 30 from 2002-2012. Of all the POs, 
Grameen Shakti (GS) is the most prominent one, accounting for 64% of the SHS installations so far (Fig. 
7) [4].  
 
Salient Features of IDCOL SHS 
 
Commencement:  January 2003 
Unit price range: BDT 18,000-65,000 
Average price: BDT 28,771  
Construction Time: 2 hours 
Grant/unit: BDT 3,500 
Refinancing/unit: Up to EUR 176 
Retention/unit: No retention 
Loan Tenor: 10 years  
Grace period: 2 years 
Payment Frequency: Semi-annually 
IDCOL Fee/unit: EUR 9.85 
Interest/service charge: 12%  15% 
 
 
4. Financing structure of SHS  
Study of a single case of 50 Wp system 
For the SHS, the program leverages financing from the households, the Participating Organisations 
(POs), grant and credit support from various development partners through IDCOL. The financing 
structure of a 50 Wp system is depicted here for illustration (Fig. 8).  
  
Cash Sale: Buy down grant only, Credit Sale: Buy down grant and Refinance 
 
SHS cost USD 380 Financing terms of loans from PO to  household 
System buy-down Grant A:EU 30 USD 38.40  Loan (BDT) USD 290.36 
Remaining Cost USD 341.6  Loan duration  3 years 
Household Down payment (15%) USD 51.24  Total Interest charge (12% p.a. flat)  USD 104.53 
Credit to customer (BDT) 
 
 Total household payment USD 394.89 
IDCOL refinance (80%) USD 232.29  Monthly household  Instalments  USD 10.97  
PO Contribution (20% of loan amount) USD 58.07 
 
Fig. 8. Financing Structure of a 50 Wp SHS System (Source: IDCOL). 
USD 290.36 
 
Fig. 7.  Cumulative Sales of Selective POs of IDCOL 
Source: Overview of the policies - Bangladesh (RENDEV), IDCOL SHS 
model,financial model design- Bangladesh (RENDEV), Intellecap analysis. 
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5. Success stories of Bangladesh  
A. Panchua Village: Professional researchers from Bangladesh Centre for Advanced Studies (BCAS) 
used these surveys to conduct in-depth interviews with 100 randomly selected households in Panchua 
Village, Kapasia Upazila, Gazipur district. Sixty of the households interviewed owned a SHS; the 
remaining 40 households did not. Panchua Village has a population of 4,959 spread across 1,042 
households and 1,267 acres (BBS 2006). The average household size of 4.76 people and literacy rate of 
37.24% are slightly lower than the rural national averages of 4.9 and 54%, respectively. The size of the 
SHS owned by households interviewed in Panchua Village  is similar to the breakdown of the 320,000 
SHS sold under the Rural Electrification and Renewable Energy Development (RERED) Program from 
2003-2008. This study suggests that the similarities between the households surveyed in Panchua Village 
and national averages make the analysis a good starting point from which to explore the SHS sector in 
Bangladesh [7]. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 10. Comparative breakdown of SHS size in Panchua Village and across Bangladesh. 
Fig. 9.  Breakdown of SHS owners by organisation and geographical location of Panchua Village. 
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B. A few case studies: How SHS has improved quality of life for project beneficiaries:
Mujib, a 32 year-old shopkeeper, has seen his income increased by 1,000 Tk/month and his 
evening business grows since his system was installed two years ago. Customers enjoy the TV and 
the music from the CD player powered by the SHS. Previously, he used candles and kerosene for
lighting. The price of kerosene kept rising, he suffered from bouts of bronchitis because of the fumes,
and suppliers would sometimes adulterate the kerosene with petrol. The SHS eliminated those
problems for him.
Since Hajra, a mother of four, received the SHS two years ago, she has been able to power five
lights, a TV, and a mobile phone charger. Previously, she used kerosene, and still remembers the
fumes that filled her house. Now her children can study in the evenings and she can charge her
mobile phone to keep in touch with her husband, a labourer in southwest Asia.
Mustafa, who owns a barber shop, used to borrow power from his neighbou
paid 200Tk/month but had no control over how much power he would receive, for how long, or 
when. The SHS, installed 13 months ago, has changed his quality of life and his business for the
better. His hours are flexible, and he can close the shop as late as 9 pm [6].
Fig. 11. Success story of Bangladesh using Solar Home System Program. (Source: The World Bank, IDCOL)
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6. SHS product features and prices 
 
As shown in the Fig. 12, around 80-85% of the overall sales of SHS are in the range of 20-85 Wp, 
where 50 Wp systems accounting for an estimated 35% of all sales in Bangladesh [8].    
                                                                                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.1. Cost benefit ratio 
A survey in Pirojpur suggested that people who used kerosene lamps had to spend Tk 150 per month, 
Tk 1,800 per year and Tk 36,000 in 20 years, which is much higher than Tk 20,000 installation cost for a 
50 watt-peak solar system. The system saves cost and prevents smoke emission while meeting demand 
for light at night. It also allows users to perform economic activities that were not possible with the 
kerosene lamps (Ref: IDCOL).  
7. Subsidies issues and future insights  
7.1. Reducing subsidies 
 
The need for subsidies to build market volume on the premise that costs will decline as volume 
increases, due to economies of scale. Primary research with POs of IDCOL suggests that a complete 
phasing out of the grant subsidy will not affect growth, as it would result in an effective increase of just 
around USD 1 in monthly repayments. Subsidies can undermine private investments, business in new 
markets and should be applied with attention to private-sector conditions in a particular market. IDCOL 
has already reduced the subsidy from US$ 90 per unit of SHS to US$ 25, and it has a plan to completely 
withdraw it within a short time (Fig. 13). ems would be 
USD 144 million. The market value of the total SHS, including ones installed by other vendors, would be 
around USD 200 million annually, showing the interest of the users.  
 
Fig. 12. (Left) SHS package in market; (Right) Mapping of product features and prices of SHS in Bangladesh. Source: IDCOL and 
Primary Research, Intellecap analysis. 
Capacity  Total Load  Operating 
Hour  
Cost 
(USD)  
20Wp  Lamp: 2 (5W each) 
Mobile Charger: 1  
4-5 hours  140  
50Wp  Lamp: 4 (7W each) 
Black & White TV: 1 
Mobile Charger: 1  
4-5 hours  380  
85Wp Lamp: 9 (7W each) 
Black & White TV: 1 
Mobile Charger: 1  
4-5 hours 580 
130Wp  Lamp: 11 (7W each ) 
Black & White TV: 1 
Mobile Charger: 1  
4-5 hours  940  
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Lesson learnt about reducing subsidies from SHS Program in Bangladesh:
(a) Subsidies are unlikely to lead to sustainable markets unless they explicitly create the conditions
whereby they are  no longer needed (i.e., smart subsidies)
(b) Subsidies can be used effectively to build up initial market volume, local expertise, user 
awareness, appropriate technology adaptation, quality standards, and entrepreneurial activities
(c) Subsidies are more effective when tied to operating performance rather than investment
(d) Continuing subsidies may always be needed for poorer segments of the population.
Thus, the elimination of capital buy down grant is not expected to affect the market growth as it will be
offset by corresponding reduction in the cost of the systems due to the decreasing trend in component 
prices. However, low cost refinance facilities/ SMEs funds will be required.
7.2. Future insights of PV market in Bangladesh
The future approaching of PV market in Bangladesh would be to create and establish a sustainable
commercial SHS market without capital buy down grant. The idea of the program would be to build a 
commercial SHS program utilising successful experience of IDCOL SHS model all over the country. 
Also designing and developing a commercially viable SHS program both in off grid and urban areas by 
integrating private sector companies, commercial lenders, vendors/suppliers and technical partners
targeting to mitigate the electricity crisis in Bangladesh.
8. Implementation challenges
Solar PV is recognised as serving a niche market that is very important in developing countries like us. 
There are vigorous efforts to expand the market for Solar Home Systems (SHS) as a means toward rural
electrification. 
Fig. 13. Subsidies provided and the cumulative growth of SHS installed.
Source: Primary research, IDCOL, Intellecap analysis
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Challenges  IDCOL Solar Program 
Lack of capacity   equipped to develop private sector  i.e MFI, NGOs  
 grass-root level are working as the executing agencies  
 Adequate financial supports provided by donor agencies  
Lack of tailored financing 
package  
 Capital Buy-down Grant  channeled to reduce system price  
 Institutional development Grant and Grant B do not exists. 
High initial cost of solar 
equipment  
  Capital Buy-down Grant reduces system price; 
  Systems are also sold on credit to households to ensure affordability;  
Lack of business model    A social enterprise model is used for implementation  
  Presence of multiple POs in the program  
  A phase-reduction nature of grant is used  
 
 
9. Conclusion 
 
The solar energy project of IDCOL is a collaborative effort where strengths of each participating 
institution have been harnessed to the fullest extent. Once completed, the combined capacity of the SHSs 
will be 225 megawatts, sufficient to fully serve 20 million homes, which is about 12.5 percent of the 
country's 163 million population.                                                                                                      
 
The government set a target to generate 500 megawatts of green energy, in an attempt to narrow the 
gap between current demand and supply of grid electricity. Some important issues should be strongly 
emphasised in this case, i.e. good governance, standard technical specifications, strong regulatory 
environment including penalties, reducing the subsidies and organisational structure to develop the 
market. As we know, Bangladesh SHS installations has already experienced explosive growth and created 
a $200 million PV market, thus, this case also could be replicated and launched in other parts of Asia to 
bolster the PV market. 
 
 
References 
 
[1]  Sadeque, Zubair KM. Implementation Status & Results: Bangladesh- Rural Electrification and Renewable Energy 
Development (P071794), Sequence 22 (English), The World Bank (Page- 2), June 2012. 
[2]  Rafael W. Empowering A Rural Revolution: Solar Home Programme Brings Power to Off-Grid Bangladesh. April 2010. 
[3]  Mondal MAH. Technical and Socio-economical Aspects of Selected Village Based Solar Home Systems in Gazipur District, 
(M.Sc.- Thesis). SESAM  Sustainable Energy Systems and Management, International Institute of 
Management, University of Flensburg, Germany, March  2005. 
[4]  -Grid 
Lighting, Market analysis of: India, Bangladesh, Nepal, Pakistan, Indonesia, Cambodia and Phi  
[5]  Komatsu S, Kaneko S, Shrestha RM, Ghosh PP. Non income factors behind the purchase decisions of solar home system in 
rural Bangladesh, Energy for Sustainable Development, doi:10.1016/j.esd.2011.03.003, 2011. 
[6]  Sadeque, Zubair KM OBA Approaches: Output-Based Aid in Bangladesh: Solar Home Systems for Rural Households, World 
Bank, April 2012.   
[7]  Siegel JR -Grid Solar Photovoltaic Energy, 
Climate, and Innovation Program (ECI), Center for International Environment and Resource Policy (CIERP), The Fletcher 
School, Tufts University, www.fletcher.tufts.edu/cierp. September 2011. 
[8]  IDCOL (Infrastructure Development Company Limited)
at: Retrieved November 10, 2008, from http://www.idcol.org/energyProject.php 
 
